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Sepsis: Defining a Disease Continuum: 1992-2014
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Sepsis with > 1 organ
dysfunction

- Cardiovascular
(refractory
hypotension) ~ Shock

- Renal

- Respiratory

- Hepatic

- Hematologic

- CNS

- Metabolic acidosis

Bone et al. Chest 1992:101:1644
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Draft Sepsis definitions: the 2015-6 version

Infection: interaction with a microorganism that induces

a local or a systemic host response (old term-sepsis); if
no host response-colonization or contamination

Sepsis: A deleterious host response to infection

resulting in organ dysfunction remote from the site of
infection (old term-severe sepsis)-deleting “SIRS”

Septic Shock: sepsis complicated by diffuse cardiac and
microvascular dysfunction with fluid non-responsive
hypotension (SBP<90mmHg), need for vasopressors to
maintain BP, and elevated blood lactate (>2 mmol/L)




PAMPs Innate Immunity in Early Sepsis | paMPs
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Human acute inflammatory patterns following “sterile” injury

Effect of Severe Blunt Injury On Probe Expression
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Xiao W et al. J Exp Med 2011;208:2581-2590




Differences in gene expression: complicated vs.
uncomplicated recovery following severe trauma

TRL Uncomp

Xiao W et al. J Exp Med 2011;208:2581-2590
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The “two hit model” vs. the “monopolar”’ immune
response in sepsis

nnate Immune Response

— Uncomplicated outcome

_ . _ Complicated outcome with

'second hit Cgmpllcated outcome
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Excessive Innate Immune Response

CARS

Suppressive Adaptive Immune Response

Magnitude of response

agnitude of response

Dysregulated Adaptive Immune Response

Xiao W et al. J Exp Med 2011;208:2581-2590



The T and B cell lymphopenia of sepsis
(apoptosis and extravascular distribution)

Table 1

Comparative study of absolute cell numbers of lymphocyte subpopulations between
septic shock patients and healthy individuals.

Cells/mL Septic patients Healthy volunteers

Total lymphocytes 1239 + 237 3113 £ 739
CD3" T lymphocytes 626 + 58 1352 + 86
CD4™ T lymphocytes 428 + 74 836 + 49

CD4"CD25™ (Treq) 173 + 13

CD47CD25~ 260 + 44 663 + 41
yvo T lymphocytes 16 +£4 o6+ 9
Others (including B, CD8", NK) 613 1761

Data (mean £ SEM)from Lyon dinical studies (126,127 ) were extracted to provide a global picture of the absolut

count of lymphocyte subpopulations measured in whole blood from septic shock patients between days 3 and
shock and from healthy individuals.

Monneret et al. Mol Med 2008;14(1-2):64



Sepsis - induced effector cell apoptosis in spleen tissue

Immunohistochemical staining for HLA-DR [B| Immunohistochemical staining for CD4

Patient with sepsis Control patient Patient with sepsis
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Immunohistochemical staining for CD8 [D] T-cell counts
Control patient Patient with sepsis
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No Sepsis i No Sepsis

Boomer, J. S. et al. JAMA 2011:306:2594-2605




T cell
exhaustion

Progressive
loss of
function
along with
excess
apoptosis

Non-
resolving
2010; 129:474 sepsis

Yi JS, Cox MA, Zajac
AJ. Immunology




T cell receptor A .+ -TCR Diversity < 33%
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The full complement of

viruses in human blood: CMV + transplant D or R CMV - transplant D-/R-

the Virome
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The human virome markedly expands S/P post transplantation from

Immunosuppressive agents to prevent rejection

De Vlaminck et al. Cell, Volume 155, Issue 5, 2013, 1178 - 1187



Prospective virome
study of 560 septic vs.
161 critically ill, non
septic, and 164 age-
matched controls

Walton et al. PLoS One
2014; 9(6) 98819
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Herpes viral
DNAemia
predicts risk of
opportunistic
Infections in
septic patients

Walton et al. PLoS One
2014; 9(6) 98819
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Recent thymic
emigrants
1 TCR diversity
Naive T cells ‘MM
T TCR diversity
Effector T cells h ‘ l A
No effect

Mackall CL, Fry TJ, Gress RE. Nature
Rev Immunol 2011;11:330-342



Blockade of Negative Co-stimulatory Molecules on T Cells

CD80/86
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Anti-
PD1/BTLA

Proliferation Cell-cycle arrest
Differentiation Terminates T cell response
Effector function




PD-1 expression increases in CD4+/CD8+ T cells in sepsis

CD4" T cells -
CD8" T cells

% Caspase 3+
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Brahmamdam P et al. J Leukoc Biol 2010;88:233-240



Anti-PD-1 aB improves survival S/P CLP (given 24, 48 hr)

Anti-PD1 improves survival in CLP
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Similar results in
0 ! “ S : S PD-1 KO mice

? ? Days Post CLP PD-1 expression
Impairs bacterial

Treatment clearance
Brahmamdam P et al. J Leukoc Biol 2010;88:233




Resolving inflammation is an active process: proresolving actions of
lipooxygenase-derived lipoxins, resolvins, and protectins

Anti-inflammatory

Block PMN recruitment, leukocyte/endothelial
interactions, platelet aggregation, vascular
permeability and ROS.

Post-capillary venule

Tissue

Lipoxins

Resolvins

Microbes
P 7/

Pro-resolving \ |
Stimulate endothelial NO and PGl2;; =¥ Resolvins ¥
Enhance macrophage phagocytosis, " Protectins %
microbial clearance and efflux s — X 7 7
to lymph nodes V' \ Vo

Spite, M. and Sherhan Circ Res 2010;107:1170-1184







